Introduction: Low-quality communication between patients and care providers and limited patient knowledge of the disease and the therapy are important factors associated with poor glycemic control in patients with type 2 diabetes. We conducted a multicenter study to determine whether structured and tailored information delivered by pharmacists to type 2 diabetic patients could improve patient
difference between the two groups. Significant decreases in HbA1c were observed in both groups at 6 months (p \ 0.001) and 12 months (p \ 0.01), with significantly greater changes from baseline in the intervention group than in the control group at 6 months (-0.5% vs.
-0.2%, p = 0.0047) and 12 months (-0.6% vs.
-0.2%, p = 0.0057). Patients in the intervention group showed greater improvement in their ability to self-manage treatment (? 4.86 vs. ? 1.58, p = 0.0014) and in the extent of their knowledge about diabetes (? 0.6 vs. ? 0.2, p \ 0.01) at 6 months versus baseline compared with the control group. Conclusion: Tailored information provided by the pharmacist to patients with type 2 diabetes did not significantly improve the already high adherence rates, but was associated with a significant decrease in HbA1c and an improvement of patient knowledge about diabetes.
INTRODUCTION
Diabetes is a progressive and chronic disease accounting for almost 15-25% of healthcare spending depending on the country [1, 2] . The prevalence of diabetes is increasing, and the many complications that occur when the disease is insufficiently controlled contribute substantially to these healthcare costs. Despite significant improvements in the follow-up of type 2 diabetes (T2D) patients, results from the ENTRED 2007 French national survey of people treated for diabetes, those from the PANORAMA European study and even those from the American National Health and Nutrition Examination Survey all indicate that levels of glycemic control remain insufficient, with too many patients (41%, 42.3% and 50%, respectively) having hemoglobin A1c (HbA1c) values above the recommended target of 7% [3] [4] [5] [6] . Inadequate dietary and physical activity practices, due to a low level of knowledge about the disease and its treatment as well as poor medication adherence, may contribute to these HbA1c values [6] . In particular, a close correlation has been identified between Morisky adherence questionnaire scores and HbA1c levels [7] . A 25% improvement in adherence has been reported to translate into a 0.34% reduction in HbA1c levels [8] . Poor adherence has also been shown to increase the risk of long-term complications, acute complications, hospitalizations and mortality and to be associated with higher healthcare costs [7] [8] [9] [10] [11] [12] . Moreover, nonadherence has been identified as a predictive factor for intensification of treatment among diabetic patients [11, 13] . Adherence, therefore, seems to be one of the key components of successful treatment of a chronic disease such as T2D [6, [14] [15] [16] . Unsatisfactory patient-healthcare provider relationships and poor patient knowledge about their treatment have been correlated with nonadherence to treatment and failure to meet patient needs [17] . These factors have been highlighted in many T2D studies as contributory factors to unsatisfactory drug effectiveness [15] . Any action taken by a health professional involved in the care of patients with T2D should therefore be designed to maintain or improve patient education and patient-healthcare provider relationships [17, 18] . Pharmacists may make an important contribution to the successful management of patients with T2D. However, only a few studies involving limited numbers of patients have analyzed the impact of pharmacist interventions on the management of T2D and its treatment during semistructured interviews using the InformationMotivation-Behavioral (IMB) model [19] [20] [21] [22] [23] [24] . Thus, we conducted a large multicenter study, IPHODIA (French acronym for Information des Pharmaciens d'Officines sur le Diabète), to assess the impact of an information program delivered by the pharmacist on patients' medication adherence and ability to self-manage their treatment as well as its impact on diabetes control and the level of disease knowledge among patients with T2D.
METHODS

Study Design and Setting
This prospective, multicenter, randomized controlled trial (RCT) was conducted in France from February 2014 to June 2016 in pharmacies recruited from a sample of 1500 pharmacies representative-in terms of region (urban versus rural areas) and annual revenue-of the 22,500 pharmacies located in France. These pharmacies were contacted by email or phone to participate in the study and selected based on the following criteria: motivation, interest in delivering structured and tailored information to patients, willingness to participate and representativeness criteria. The study protocol was submitted to the Committee for the protection of persons (CPP Centre Est 1-Dijon), which considered that no informed consent was required according to French law. 
Participant Recruitment and Randomization
The selected pharmacies were randomly allocated in two groups: when dispensing the usual prescribed treatment, one group proceeded according to the usual/standard practice (control group), whereas the other group provided structured and tailored information related to diabetes care to the patient (intervention group). Each participating pharmacy was requested to consecutively enroll at least 6 patients with a maximum of 12.
Included patients were adults with T2D and an HbA1c level [ 7% at baseline, being treated with no more than three different oral antidiabetic drugs. To limit the drop-out rate, only regular customers ([ 6 months) were to be recruited into the study. Patients with malignant tumors or severe psychiatric disorders, patients treated by insulin or injectable antidiabetic drugs, or any patients participating or having already participated in a therapeutic education program were excluded from the study.
Intervention
Prior to the inclusion of patients, pharmacists participating in the intervention program received information on the study by phone and were trained face to face. They were provided with a guide explaining how to perform the interviews. The pharmacists then delivered structured and tailored information on three different topics (diabetes diet, medication management and diabetes complications) during three pharmaceutical interviews. These interviews lasted 30 min and were divided into two parts: (1) first, the pharmacist performed a global assessment of the disease status of the patient; (2) he/she then gave the patient an information brochure dealing with the topic of interest and started an open discussion with the patient on this topic.
Study Plan
The study took place over 1 year and included nine visits, one inclusion visit (V0), seven dispensation visits (V1-V7) at a rate of one per month for the 6-month intervention period and one follow-up visit at the end of the 6-month follow-up period (V8). Patient data (demographics, treatment, etc.) were collected at V1 for all patients. At each visit, the pharmacist dispensed the medication boxes prescribed for a 1-month period, asked the patient to bring back the boxes at the next visit and counted the number of pills remaining in the returned boxes. Pharmaceutical interviews were performed at V1, V3 and V5 in the intervention group only. No other information was delivered to patients in the intervention group during the follow-up period.
Evaluation Criteria of Intervention Efficacy
Main Evaluation Criterion: Adherence to Medication Medication adherence was assessed by measuring the medication possession ratio (MPR) at each visit between V2 and V7. The MPR was calculated as the ratio of the number of pills taken by the patient to the number of pills that should have been theoretically taken within a time interval. Adherence was considered as very good when the MPR was [ 80%.
Secondary Evaluation Criteria Diabetes Control
The pharmacist collected data on HbA1c and LDL-c levels from biologic analysis results provided by the patients and asked the patients for their systolic (SBP) and diastolic blood pressure (DBP) values at V1 and at the end of the intervention (V7) and followup (V8) periods.
Ability of the Patients to Self-Manage Their Treatment The ability of patients to selfmanage their treatment, and therefore their potential to be adherent to their treatment ''a priori,'' was assessed by asking the patients to complete the ''TOP'' questionnaire (TOP: Test d'Observance Pharmaceutique) themselves at the beginning (V1) and end of the intervention period (V7). This questionnaire was centered around the relationship between diabetic patients and their pharmacists, their ability to self-manage their treatment and the knowledge acquired during the dispensation of the drugs (Table S1 ). It comprised 20 items classified into two parts: the first one evaluated the level of communication between the patient and healthcare professionals (pharmacist and physician) regarding management of his/her treatment, and the second part evaluated the general knowledge of the patient about the disease and its treatment. Each answer was scored using a four-point scale: never = 1; rarely = 2; often = 4; always = 5, and a global score was calculated as the sum of all answers, with a maximum of 100 points. The ability of patients to self-manage their T2D medication was categorized depending on the score obtained, as follows: below 40, low ability to self-manage treatment; from 40 to 59, moderate ability to self-manage treatment; from 60 to 79, good ability to self-manage treatment; from 80 to 100, very good ability to self-manage treatment.
Level of Patient Knowledge of Diabetes
The patients assessed their level of knowledge about their disease and its management by completing a self-administered questionnaire at V1 and at the end of the intervention (V7) and followup periods (V8). This knowledge acquisition questionnaire on diabetes, which contains ten statements related to diabetes care/management, was developed internally based on the structured and tailored information delivered during the pharmaceutical interviews (Table S2 ). The patient had to fill in the questionnaire by answering true or false. The mean number of correct answers was reported.
Change in Diabetes Treatment
As a change in diabetes treatment may have an impact on the MPR and biologic analysis results, any change in diabetes medication at any point during the study period (V1-V8) was reported and quantified. The following situations were considered as a change in diabetes treatment: change in the posology of the usual antidiabetic medication; substitution of the usual antidiabetic medication by another molecule from the same therapeutic class or from a different one; addition of a new antidiabetic medication.
Sample Size Analysis
To show a mean difference in the impact of the pharmacist's information on the MPR between groups of 10%, with a mutual standard deviation of 25%, a power of 90%, a significance level of 0.05 and an inflation coefficient of 20% to take into account drop-out patients, it was calculated that at least 167 patients were needed in each group.
Statistical Analyses
Quantitative variables were described using averages, standard deviations, medians and quartiles and qualitative variables using the numbers and percentages of patients. Comparisons of means between groups were carried out by analyses of variance (ANOVA) using the Fisher-Snedecor test. Comparisons within groups were performed using the Student paired t-test. Percentages were compared using the chi-squared test or Fisher's test if the validity conditions of the test were not met. All statistical analyses were performed using SAS software, version 9.3. The level of significance was 5%.
RESULTS
Study Participants
Based on a panel of 1500 pharmacies representative of the 22,500 pharmacies located in French territory, 1083 pharmacies were invited to participate in the study, and 273 pharmacies agreed to receive the study training. Of these, 99 dropped out because of a lack of time to manage both the study and their standard activities. Thus, 174 pharmacies (87 in each group) finally participated in the study and enrolled patients (Fig. 1) . A total of 1021 patients were eligible and 528 were included in the study. Of these, 151 were excluded from the analysis, and 377 patients formed the full analysis set: 189 in the intervention group and 188 in the control group (Fig. 1 ).
Demographic and Clinical Characteristics of Patients at Baseline
Patients in the intervention and control groups were most often male (54% and 61%, respectively), about 65-66 years old, diabetic for ). One, two or three forms of oral antidiabetic medication (OAD) were each being taken by approximately a third of the patients. Biguanides were the main class of antidiabetic agents used by patients (93-96%) (see Table 1 for more details). Patients' demographic and clinical characteristics at baseline did not differ significantly between the two groups.
Adherence to Medication
The MPR was [ 80% in the intervention group and in the control group, both at baseline (94.8 ± 11 and 92.3 ± 15, respectively, p = 0.0718) and at 6 months (93.4 ± 12.1 and 91.9 ± 13.2, respectively, p = 0.25), which shows a high level of medication adherence. There was no statistical difference within groups between the MPR at baseline and 6 months (p = 0.5296). At 6 months, 87.3% and 87.2% of patients in the intervention and control groups, respectively, had an MPR [ 80%, with no difference between groups (p = 0.9843).
Diabetes Control
As shown in Table 2 , the mean percentage (± SD) of HbA1c at 6 months significantly decreased compared with baseline in both the intervention group (p \ 0.0001) and control group (p \ 0.001). The change from baseline was significantly greater in the intervention group than in the control group (-0.5% vs.
-0.2%, p = 0.0047). This encouraging result was confirmed at 12 months, with a -0.6% decrease from baseline (p \ 0.0001) in the intervention group compared with -0.2% (p \ 0.01) in the control group (difference between groups: -0.4%, p = 0.0057) at the end of the 6-month ''wash-out'' phase during which patients did not receive any specific information. The number of patients achieving HbA1c \ 7% (\ 53 mmol/mol) at 6 months was also higher in the intervention group than in the control group (35.6% vs. 19.6%; p = 0.0013).
Regarding LDL-c and blood pressure values, there were no significant differences in the changes from baseline between groups at 6 months (LDL-c mg/dl: 10 ± 30 vs. 0 ± 30, p = 0.70; DBP: 0.1 ± 8. 
Ability of the Patients to Self-Manage Their Treatment
Changes in TOP scores during the course of the study are shown in Fig. 2 . TOP global scores were high at baseline in both groups. They increased significantly after 6 months compared with baseline in both the intervention group (p \ 0.0001) and the control group (p = 0.017), with mean scores at 6 months significantly higher in the intervention group than in the control group (80.1 ± 9.2 vs. 75.9 ± 9.5, p = 0.0004). The changes from baseline were significantly different between groups after adjustment for the score at baseline Therefore, the intervention group switched from ''good ability to self-manage treatment'' to ''very good ability to self-manage treatment.''
Knowledge Acquisition Results
Levels of patient knowledge about their disease after 6 months of intervention increased significantly more in the intervention group than in the control group, with a change from baseline (adjusted for the number of correct responses at baseline) of ? 0.81 versus ? 0.18 (p = 0.0009), showing a greater improvement in levels of disease knowledge in patients who had received the structured and tailored information (Table 3 ). The mean number of correct answers was also significantly higher at No significant differences in demographic or clinical characteristics were observed between the two groups at baseline When specified, N = number of patients for which data were available. Missing data were excluded from the analysis When not specified, N = total number of patients included in each group 12 months in the intervention group than in the control group (8.8 ± 1.2 vs. 8.0 ± 1.3, p = 0.0003).
Change in Diabetes Treatment
No statistical difference in the number of patients having had their diabetes treatment changed over the whole study duration (from inclusion to 12 months) was noted between the two groups: 22.2% (42/189) of patients in the intervention group versus 17.6% (33/188) in the control group (p = 0.2562).
DISCUSSION
To the best of our knowledge, IPhODia is the first RCT performed in France to evaluate the effect of a pharmacist-delivered information program using an IMB model on patient adherence to treatment and disease knowledge. Adherence to medication and the ability of patients to self-manage their medication were assessed using quantitative methods (MPR and TOP score). The quantitative measurement of pills showed good levels of adherence to medication at baseline, with no difference between the intervention and control groups. This can be explained by the fact that a significant proportion-almost one-third of patients at inclusion in our study-had a personal pilldispensing device [25] . Such devices facilitate medication adherence and may explain the high scores observed at both the beginning and end of the first study period (6 months) [25, 26] . TOP scores were also high at baseline in both groups, indicating a ''good ability to self-manage treatment'' based on TOP criteria results. However, although medication adherence was already good, HbA1c levels at baseline were [ 7% for the vast majority of patients ([ 98% in both groups). Therefore, other factors, such as inadequate combination therapies, comorbidities and inappropriate lifestyles (low levels of physical activity and inadequate dietary practices), may explain why treatment targets were not being achieved [18, [27] [28] [29] . Our intervention consisted of delivering structured information on three topics (diabetes diet, medication management and diabetes complications) followed by an open and tailored dialogue between the pharmacist and the patient. In the intervention group, TOP scores were higher at 6 months than at baseline, which likely reflects an improved quality of interaction between the patient and the pharmacist gained through the interviews and an increase in the level of disease knowledge among patients together with better daily management of their treatment. Any of the intervention-driven improvements in patient-pharmacist communication, understanding of medication and treatment as well as good lifestyle habits may be responsible for the improvement of diabetes control in the population studied [30, 31] . Indeed, the reductions in HbA1c levels among the patients from the intervention group of 0.5% in the first 6 months and 0.6% after 1 year are an encouraging achievement with meaningful clinical consequences. This HbA1c improvement was not a consequence of changes in treatment between the first visit and the last visit after 1 year as no statistically significant differences in treatment changes were observed between the intervention group and the control group. Fig. 2 Change in global TOP scores (%) from baseline (V1) to 6 months (V7) in the intervention and control groups. Within-group comparisons using Student's paired t-test: *p \ 0.05; ****p \ 0.0001. Between-group comparisons using the ANOVA Fisher-Snedecor (p value) A recent literature review [24] found that interventions performed by pharmacists had a positive impact on T2D management, including HbA1c level. Indeed, among 26 RCTs assessing HbA1c levels, 24 showed a significant reduction of 0.18-2.1% in HbA1c levels, after an average interval of 3-12 months, between the control and the intervention groups [24] . Recently, in Cyprus, Korcegez et al. observed an HbA1c reduction of 0.74% at 12 months with a similar approach and method to those performed in our study [23] . As expected, the largest decreases were found in groups with high initial HbA1c levels ([ 8.5%). This was also the case in other studies reviewed by Pousinho et al.-i.e., the largest differences in the change in HbA1c levels (HbA1c level differences [ 1%) between groups were reported for patients with HbA1c levels [ 9% at baseline. Despite T2D being relatively well controlled in our study population (mean baseline HbA1c * 7.8%), our results are in agreement with those of these previous studies using an IMB Fischer approach in terms of the education/information delivered to patients by the pharmacist [22, 24] . In contrast, some pharmacist intervention studies have not demonstrated any improvement in HbA1c [29, 32] . We believe that a major factor explaining the improvement in glycemic control in the intervention group in our study was a better basic understanding of the disease and its treatment by patients, together with a better ''acceptance'' of the need to ensure reasonable day-to-day management of the disease. For some patients, there may be a virtuous cycle of improvement once they are involved in such a program, inducing active engagement in other healthy lifestyle behaviors as suggested by Bruckert et al. [33] . The positive outcomes reported in our study may also be directly related to the observed improvements in diabetes knowledge demonstrated by the improvement in the number of correct answers to the knowledge acquisition questionnaire, thus allowing patients to develop their practical knowledge of diabetes and to put it into practice in their daily life [34] [35] [36] . It is noteworthy that the second period of the IPHODIA study was characterized by small, but further improvement of patient knowledge at 12 months. LDL-c levels did not change during the two study phases; however, basal values were already close to international recommended values, leaving little or no room for further improvement at 6 or 12 months [37] . There is no consistent evidence in the literature indicating that patient LDL-c levels benefit from educational programs delivered by pharmacists [38] [39] [40] .
Our data thus support the hypothesis that, even in patients ''adherent to treatment,'' glycemic control can be improved by a structured and tailored information program delivered by community pharmacists.
Our study had some limitations. First, there was no centralized measurement of HbA1c in this study, a situation inherent to such a reallife study strategy. There was also potential for participation bias at the level of the pharmacist, although this was limited by randomizing groups of pharmacists between the intervention and control groups. To reduce patient participation bias, randomization was performed at the level of the pharmacies, and all patients in the intervention pharmacies were proposed to benefit from the information program, whereas they were not in the control pharmacies.
Furthermore, although the final sample of pharmacies was representative of French pharmacies nationwide in terms of geographic distribution and size (annual turnover) according to national available figures from the French pharmacist authority, a selection bias at the patient level could have occurred and the study population could be not truly representative of the general T2D population. Indeed, agreement to participate in the study for the patients in both groups suggests that they could be particularly motivated and favorable to taking care of their health and hence could be more compliant with their treatment. This bias, however, is present in any patient education program. Advice tends naturally to be more conscientiously followed by those who are already pre-disposed to make an effort and prioritize attention to take care of their own health. The high medication adherence level at baseline may reflect this potential selection bias. However, our data do indicate that this intervention is valuable, even in T2D patients who already show good medication adherence.
Our newly developed questionnaires have been tailored for a study involving community pharmacists, and even if some improvements could be made to this program, we have been able to measure meaningful positive changes in both disease literacy and dietary behavior.
CONCLUSION
In conclusion, pharmacists can make a positive contribution to management of T2D patients with a direct impact on glycemic control, patient knowledge about diabetes and the quality of the patient-pharmacist relationship. Our study demonstrates, in agreement with other studies, that a simple intervention with a series of three 30-min interviews after drug dispensation may significantly decrease HbA1c levels within a 1-year period. This is a clinically important given that [ 40% of diabetic patients in France, and elsewhere [6] , are not meeting their treatment targets and have HbA1c levels [ 7% [3, 4] .
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